Purpose: This study aimed to assess the levels of and relationships among health literacy, knowledge about diabetes, and self-care activities in the Korean low-income elderly with diabetes and to identify factors influencing the self-care activities of this vulnerable population. Methods: This study surveyed a total of 151 low-income elderly patients with diabetes registered at 16 Visiting Health Care Services in B City, Korea. Health literacy was measured with the Newest Vital Sign. Diabetes knowledge was measured with the Diabetes Knowledge Test. The Summary of Diabetes Self-care Activities Questionnaire was used to assess diabetes self-care activities. A stepwise multiple regression analysis was conducted to identify significant factors influencing diabetes self-care activities in these patients. Results: In the regression model, diabetes knowledge (β=.322, p<.001), exercise (β=.337, p<.001), and experiences of diabetes education (β=.241, p=.001) were significantly associated with increased diabetes self-care activities in low-income elderly patients with diabetes when gender, education, health literacy, and subjective health state were controlled. Conclusion: To improve diabetes self-care activities in the low-income elderly with diabetes, it is important to develop a customized program considering their knowledge, exercise, and diabetes education experience.
INTRODUCTION
As the increase in the elderly population has led to an accumulative increase in the morbidity of chronic disease, the importance of chronic disease management is becoming evident to prevent its complications. Among such chronic diseases, the morbidity of diabetes has persistently increased in Korea. The prevalence rate of diabetes has increased from 8.6% in 2001 to 10 .1% in 2010 [1] . In particular, the morbidity of diabetes has increased with the aging population, representing up to 23.6% in the population aged over 70, which corresponds to 1 out of 4 older adults having diabetes [1] . Underserved classes such as the low-income class have a higher morbidity in diabetes and have a lower practicing rate in decreasing health risk behavior factors than the class with an income level in the upper high 25% [2] . Therefore, more active management strategy is required to improve health equity [2] .
The recognition and treatment rates of diabetes has increased in these days and reached up to 73.2% and 61.0%, respectively. However, the management rate of diabetes is only 28.5% which is below half of those recognition and treatment rates [1] . The diabetes management rate and follow-up test rate for detecting diabetes-related complications are lower in patients in the low-income population than those in the general population [3] . According to the American Diabetes Association [4] , considering that the population with a low management rate of diabetes showed a 2~4 fold higher incidence of cardiovascular diseases and spent 2.3 fold more on medical expenses due to diabetes-related com-plications such as hypertension (67%), neuropathy (60~ 70%), non-traumatic amputation (60%), renal failure (44 %), and blindness (28.5%) than the population without diabetes, it has been suggested that diabetes management is an important and urgent social problem.
Diabetes knowledge about diabetes diet, regular exercise, blood glucose test, medication therapy, symptom management, complication prevention, and foot hygiene is required for successful diabetes self care. Exercise is important in reducing blood glucose levels especially in elderly patients with diabetes [5] [6] [7] . Diabetes knowledge should be undertaken in advance for effective diabetes management. It has been reported that low-income diabetes patients have low levels of diabetes knowledge and the levels of diabetes knowledge are directly related to glucose control capabilities in this population. Therefore, developing effective strategies to provide health information and improve knowledge levels in this vulnerable population of low-income elderly patients with diabetes is necessary [5, 8, 9] .
However, it may be hard to understand such health information due to difficult medical terms or lack of knowledge [10] .
It was reported that the literacy level of diabetes patients on health information could influence diabetes knowledge, self-care activities, and blood glucose control [11, 12] . It is reported that high health literacy levels are significantly related to high diabetes knowledge levels and the maintenance of low HbA1c levels. While, low health literacy levels are associated with difficulty in maintaining low HbA1c levels and incidence of complications such as diabetic retinopathy [11, 12] .
In particular, the elderly population with low health literacy may have limited interpretative ability of blood pressure or blood glucose levels which is basic knowledge required for self-care. Inappropriate understanding of the methods and time schedules for medication administration could result in serious health problems. The health literacy levels of older adults directly affect disease-related knowledge levels and relate to medication administration and self-care activities [11, 13] Increased age and low-income level were verified as important factors impairing the understanding of health information and its utilization in daily lives [14, 15] . The results of these previous studies imply the necessity of assessing diabetes self-care activities status in low-income elderly diabetes patients.
Developing education programs which take into account the level of health literacy in advance may be more effective in the improvement of diabetes knowledge and diabetes self-care activities in the elderly diabetes patients. Therefore, this study aimed to assess the relationship between health literacy and diabetes knowledge, and to identify the factors that should be considered to improve self-care activities in low-income elderly with diabetes
METHODS

Design
This was a cross-sectional, descriptive survey study.
1) Sample and setting
The subjects of this study were 151 low-income elderly diabetes patients aged 65 years and older, registered at Visiting Health Care Services in B City, Korea from July 2nd, 2012 to August 31st, 2012. The number of estimated subjects was calculated by using G-power analysis 3.0. At least 118 subjects were needed to perform a multiple regression analysis including 10 variables, with an effect size of 0.15, a power of 0.8, and a two-tailed ? of 0.05. A sample size of 151 was sufficient for this study. Using a convenient sampling method, persons aged 65 and older among diabetes patients registered at 16 Visiting Health Care Services in B City were first chosen. Among them, persons in the low-income population conforming to the selection criteria of this study were chosen. A minimum of 2 persons to a maximum of 22 persons per each Visiting Health Care Service participated in the study. Detailed selection criteria for subjects included the followings: a) low-income elderly patients diagnosed as diabetes by a physician, b) having at least one month period of diabetes medication administration, c) having communicative skills to understand and judge the content of questionnaires, and d) agreeing to participate in the study after listening to the detailed explanation of the study process. Subjects were provided the full explanations regarding the aims and needs of the study. We explained that there would be no harm for study participation. We also explained that collected data would be used for the study purpose only and subjects might stop participating at any time during the study. Visiting nurses were trained via one face-to-face interview and feedback discussion regarding study aims, survey contents, and assessment methods.
2) Ethical considerations
This study was approved by the Public Institutional Review Board (PIRB12-010-05).
Measures
1) Health Literacy
Health literacy was measured with the Newest Vital Sign which was published by Weiss et al., [16] in "Quick assessment of literacy in primary care the newest vital sign" and translated and validated by Kim [14] . It comprises 6 questions with a total score of 6 (where 0~1= limited literacy class, 2~3=potentially limited literacy class, and 4~6=appropriate literacy class). The reliability of the tool from the study by Kim [14] was Cronbach's ⍺ =.76 while that of this study was Cronbach's ⍺=.73.
2) Diabetes Knowledge
Diabetes knowledge was measured with the Michigan Diabetes Research and Training Center developed by Fitzgerald et al. [6] and modified and translated into Korean by Choi [17] . It comprises a total of 18 issues (19 questions) consisting of one issue about causes, 1 issue about symptoms, 3 issues (4 questions) about the proper level of blood glucose control, 4 issues about diet, 1 issue about exercise, 4 issues about general management, and 5 issues about medication. Scores of 1 for a right answer and 0 for a wrong answer yield a minimum score of 0 to a maximum score of 19 (where high scores =higher levels of diabetes knowledge). Since the division into the group treated with oral hypoglycemic agents only and the group treated with both oral hypoglycemic agents and insulin injections was considered insignificant in this study, 4 issues related to insulin administration were excluded from the original tool with an approval of the author [17] . Fourteen issues (15 questions) were used in the final analysis with a score range from 0 to 15. The reliability of the tool from the study by Choi [17] was Cronbach's ⍺=.75 while that of this study was Cronbach's ⍺=.70.
3) Diabetes Self-care Activities
Diabetes self-care activities were measured with the 25-questionnaire Summary of Diabetes Self-Care Activities Questionnaire (SDSCA) developed by Toobert & Glasgow [18] , modified by Toobert et al. [19] , and translated into Korean by Chang & Song [20] . When excluding questions that could not be scored, a total of 17 questions assessed the domains of diet, exercise, medication, blood glucose test, and foot management. Subjects were asked to answer such questions as 'how many days did you conduct a blood glucose test within the last 7 days?' and select the number of days an activity was conducted from 0 to 7. One question was asking 'the number of days to administer insulin injection' which the subject for insulin administration only could answer. Therefore, we calculated an average score of this question with the question asking 'the number of days to administer diabetes medication' with an approval by the author [20] . The total score ranged from 0 to 112 (where higher scores=high levels of self-care activities). The reliability of the tool from the study by Chang & Song [20] was Cronbach's ⍺=.77 while that of this study was Cronbach's ⍺=.74.
4) Data Analysis
General characteristics were analyzed with frequencies, percentages, and descriptive statistics (means and standard deviations). The levels of health literacy, diabetes knowledge, and diabetes self-care activities were calculated by frequencies, percentages, and descriptive statistics (means and standard deviations). The differences in health literacy, diabetes knowledge, and diabetes self-care activities according to the general characteristics of subjects were analyzed by independent t-test, one-way ANOVA and post verification tests and were confirmed by Scheffe? test. The relationships among health literacy, diabetes knowledge, and diabetes self-care activities were assessed with Pearson's correlation coefficients.
A stepwise multiple regression analysis was conducted to assess the influencing factors of diabetes self care activities in low-income elderly diabetes patients. Diabetes knowledge, health literacy, and general characteristics including gender, educational level, exercise, diabetes education experience, subjective health state were included in the analysis. Durbin-Watson value of 1.81 showed no autocorrelation problem. A tolerance limit of .934~.975 and variation inflation factor of 1.026 ~1.071 showed that there was no problem of multicollineality. All analyses were conducted using the IBM SPSS Statistics, version 19.0.
RESULTS
General Characteristics and the Levels of Health
Literacy, Diabetes Knowledge, and Diabetes Selfcare Activities
General characteristics and the levels of health literacy, diabetes knowledge, and diabetes self-care activities are shown in Table 1 . The M±SD of health literacy 
Correlations among Health Literacy, Diabetes
Knowledge and Diabetes Self-care Activities
The correlations among health literacy, diabetes knowledge, and diabetes self-care activities are shown in Table 3 . Diabetes self-care activities had a statistically significant positive correlation with health literacy (r= .31, p <.001), and diabetes knowledge (r=.42, p <.001).
Furthermore, health literacy and diabetes knowledge had a statistically significant positive correlation (r=.42, p <.001). The higher the health literacy level, the higher the diabetes knowledge level was; and the higher the health literacy level and diabetes knowledge level, the higher the diabetes self-care activities level was.
Influencing Factors of Diabetes Self-care Activities
The results of a stepwise regression analysis to identify influencing factors of diabetes self-care activities are shown in Table 4 . In addition to health literacy and diabetes knowledge, gender, education level, exercise, diabetes education experience, and subjective health state which showed significant differences in diabetes self-care activities, were analyzed in the regression model. Durbin-Watson value of 1.81 verified that there was no auto-correlation problem in this regression model. The tolerance limit of .934~.975 and variation inflation factor of 1.026~1.071 showed no multi-collinearity problem. Influencing factors of diabetes self-care activities in low-income elderly diabetes patients were found to be diabetes knowledge (β=.32, p <.001), exercise (β= .33, p <.001), and diabetes education experience (β= .24, p =.001), and three variables in the regression model accounted for 34.4% of the variance in diabetes self-care activities (F=27.20, p <.001)( Table 4) .
DISCUSSION
This study assessed the relationships between health literacy, diabetes knowledge, and diabetes self-care activities in low-income elderly with diabetes and identified the influencing factors of diabetes self-care activities. The findings of this study showed that diabetes knowledge, exercise, and diabetes education experience have a significant influence on diabetes self-care activities.
Diabetes self care activities in low-income elderly diabetes patients had statistically significant differences in gender, education level, exercise, diabetes education experience, and subjective health state. Although our study showed higher levels of diabetes self care activities in men than women, the study by Park et al. [21] reported conflicting results with women having higher levels of diabetes self care activities than men. More research is needed to identify the influence of gender on diabetes self care activities.
The finding that subjects with increased educational levels had increased diabetes self care activities is analo- gous with the study result by Park & Kim [22] . There was a significant difference in diabetes self care activities by diabetes education experience. Therefore, diabetes education may be an effective intervention even for subjects with low education levels to improve diabetes self care activities. Exercise was a significant difference diabetes self care activities in this study. Exercise such as walking is effective in reducing blood glucose levels in older patients. Therefore, regular exercise should be in care plans to improve diabetes self care activities in low-income elderly diabetes patients [7] . According to Park [23] , type II diabetes patients with better subjective health states had lower levels of HbA1c and higher levels of diabetes self care activities than their counterparts. This finding shows that a patient's subjective health evaluation is related to actual his/her health status. Only 12.6% of subjects reported good subjective health states in this study. Assessing and improving subjective health states in low-income elderly diabetes patients are important for increasing diabetes self care activities.
From the correlation analysis among health literacy, diabetes knowledge, and diabetes self-care activities, diabetes self-care activities had statistically significant positive correlations with health literacy and diabetes knowledge while health literacy and diabetes knowledge had a statistically significant positive correlation. These findings are parallel with the study by McCleary [24] . These findings indicate that increased health literacy is associated with increased diabetes knowledge, and increased diabetes knowledge is related to increased diabetes self care activities. Therefore, assessing how low-income elderly patients with diabetes understand and utilize diabetes related information is a significant step to improve diabetes self care activities in this population.
In the stepwise regression analysis to identify influencing factors of the diabetes self-care activities in study subjects, diabetes knowledge, exercise, and diabetes education experience were found to be statistically significant variables with an explanation power of 34.4%. Diabetes knowledge has been reported as an influencing factor of diabetes self-care activities in many previous studies [11, 25] . According to Yang [25] , older patients with high levels of foot care knowledge have high levels of self-care activities. Acquisition of diabetes knowledge should be ahead of performing diabetes self-care activities and it is possible through effective education. According to Zhang & Kim [26] , individuals who engaged in exercise had high levels of diabetes self-care activities compared to those who did not engage in exercise. Mun [27] reported that exercise might reduce depression and improve self efficacy which might motivate self-care activities. Therefore, a strategy to encourage physical activities and exercise not only for low-income diabetes patients who have abilities to independently perform daily activities but also for those who have insufficient abilities to independently perform daily activities is required. Diabetes education experience was also related to self-care activities and this result was similar to the study findings of Yoo [28] . Individuals with diabetes education experience may have more opportunities to have disease-related knowledge and repetitive educations can help accumulating diabetes knowledge. This accumulated knowledge may affect glucose control capabilities and self-care activities in diabetes patients [11, 12] . In this regard, improving diabetes knowledge though education is important to prevent diabetes-related complications and improve self-care activities. Considering cognitive impairment in older adults related to aging process, repetitive education and feedback should be provided.
In this study, health literacy had a statistically significant positive correlation with diabetes self-care activities, but it was excluded from the final stepwise regression analysis. Some studies found that health literacy was a significant influencing factor of diabetes self-care activities [29, 30] , but some other studies reported that it had no direct influence on diabetes self-care activities [24] . Since there were conflicting results in these studies regarding the relationship between health literacy and diabetes self-care activities, further studies should be performed repetitively. These conflicting results may be due to the use of various tools in assessing health literacy. Attention should be paid to selecting instruments, and the development of standardized assessment tools is important to effectively assess health literacy considering the characteristics of the elderly diabetes patients.
This study has significance in that it provides important information about the relationship between health literacy, diabetes knowledge, and diabetes selfcare activities and influencing factors of diabetes selfcare activities in low-income elderly diabetes patients in Korea for developing a differentiated strategy to improve diabetes self-care activities in this vulnerable population.
CONCLUSION
The results of this study suggest that, in addition to enhancing diabetes knowledge and encouraging exercise, providing continuous health education is critical for low-income elderly with diabetes to improve diabetes self-care activities. Especially for low-income elderly with diabetes, repetitive education to change recognition in diabetes self-care and various communitybased resources and support are necessary.
Unexpectedly, health literacy is excluded in the final stepwise regression analysis because it was not statistically significant. Therefore, further studies exploring the relationships among the variables that may affect diabetes self-care activities and those developing standardized instruments that can assess health literacy are suggested. In addition, by performing further studies that compare the levels of health literacy between general elderly population and low-income elderly, developing effective strategies to improve health literacy is needed. Furthermore, more studies are recommended that investigate the effects of diabetes self-care activities on managing blood sugar levels, preventing diabetesrelated complications, and improving quality of life in low-income older adults with diabetes.
